Sustainable and equitable access to safe water and adequate sanitation are widely acknowledged as vital, yet neglected, development goals. Water supply and sanitation (WSS) policies are justified because of the usual efficiency criteria, but also major equity concerns. Yet, to date there are few scientific impact evaluations showing that WSS policies are effective in delivering social welfare outcomes. This lack of an evaluation culture is partly because WSS policies are characterized by diverse mechanisms, broad goals and the increasing importance of decentralized delivery, and partly because programme administrators are unaware of appropriate methods. We describe a protocol for a quasi-experimental evaluation of a community-demanddriven programme for water and sanitation in rural India, which addresses several evaluation challenges. After briefly reviewing policy and implementation issues in the sector, we describe key features of our protocol, including control group identification, pre-post measurement, programme theory, sample sufficiency and robust indicators. At its core, our protocol proposes to combine propensity score matching and difference-in-difference estimation. We conclude by briefly summarizing how quasi-experimental impact evaluations can address key issues in WSS policy design and when such evaluations are needed.
INTRODUCTION
Consider several potential reasons for the lack of rigorous WSS impact evaluations that are not unique to the sector. First, many WSS project implementation cycles are short, but even the immediate impacts of the project will largely be realized after the project ends. The evaluation lessons from these immediate and other long-term impacts will accrue to the global community not to the evaluated project per se. Many believe that rigorous evaluations are expensive and err in considering these evaluations as nonessential investments (Ravallion 2007) . Thus, one usually needs a remarkable combination of political will and foresight, commitment to transparency and an accountability ethos to conduct well-designed evaluations.
Second, the mechanisms to achieve WSS goals are broad and varied in terms of the types of service (water supply, water quality, sanitation, sewerage and hygiene), the setting (urban, peri-urban, rural) and the typology of delivery (public intervention, private interventions, decentralized delivery, expansion or rehabilitation). While these complex interventions call for carefully designed evaluation studies, most previous evaluations have used inappropriate protocols for measuring impacts.
Third, the breadth of WSS policy effects, which range from greater efficiency in the sector at the national level to improved health at the individual level, raises two challenges. First, the management information system (MIS) in many projects tracks a handful of engineering and fiscal outputs only in project communities, yielding almost no relevant information on programme impacts.
Second, most impact evaluations of WSS programmes focus primarily on health or engineering indicators and, therefore, do not collect enough data to evaluate intermediate outcomes (e.g. water quantity and in-house water quality) or benefits (e.g. education, rural livelihoods, gender equity). The latter are crucial for estimating progress towards achieving the key development policy goals of poverty reduction. (Rawlings et al. 2004) . Typically, these effectiveness evaluations employ quasi-experimental designs because the causal chain is neither short nor simple and external validity of estimates of WSS programmes' treatment effects is a critical objective (Victora et al. 2004) . Even if randomization was deemed to be ethical, politically acceptable and effective throughout the project duration, it is not a feasible design because many WSS programmes are targeted by programme administrators and/or driven by community demand. Moreover, randomized evaluations may not be appropriate because they would answer only a narrow set of policy questions, limited by institutional constraints and be subject to randomization bias and substitution bias (Heckman & Smith 1995) . The remainder of the paper is organized as follows.
The next section briefly takes stock of the policy and implementation issues in the WSS sector, and reviews existing impact evaluations. The third section describes the design features of our protocol including control group identification, pre-post measurement, programme theory, sufficient sample and robust indicators. At the core of our protocol is the combination of propensity score matching (PSM) and difference-in-difference (DID) estimation. We focus on PSM, and not the alternative quasi-experimental designs (instrumental variables, IV, regression-discontinuity, RD, and 'control function'), because it is the only feasible design in our setting. The IV method is not appropriate because we cannot identify logical instruments that are highly correlated with the selection process, but not correlated with the health outcome. The RD method is ruled out because it relies on exact knowledge of the selection process, specifically a cutoff score with a sharp discontinuity that separates programme and nonprogramme villages. We have an imprecise understanding of how socio-economics, performance ability, and the RWSS situation were combined to determine selection and no evidence that local administrators strictly adhered to a sharp threshold (discontinuity). The control function method represent a general form of the well-known Heckman two-stage estimation procedures that attempts to address bias by directly modelling selection into treatment. Compared with PSM, the control function relies on a parametric strategy and therefore makes stronger (and more) assumptions about functional forms.
We use 'pre-intervention' PSM to identify a control group, which is a significant deviation from most evaluation studies that rely on post-intervention PSM. To our knowledge, this strategy has been suggested only in a handful of evaluations, all outside the WSS sector (Almus et al. 2001; Preisser et al. 2003; Ho et al. 2007; Sills et al. forthcoming) . We conclude with a brief summary of how quasi-experimental evaluations address key issues in WSS policy design.
BACKGROUND
This section reviews the impact evaluation literature from the WSS sector in two ways. First, we describe the WSS policy landscape and review studies that provide evidence on the effectiveness by policy or type of delivery. Second, we review the evidence by type of WSS impact. Table 1 provides a summary of recent rigorous evaluations of WSS impacts and illustrates the shallowness of the evidence base.
Evaluations by WSS policies and programmes
Increasingly, donors and aid agencies have broadened their objectives from a narrow focus on physical infrastructure to sustainable service provision. Three types of programme or policy are predominantly used to achieve the broader objectives of improvements in financial viability and institutional performance of the WSS sector: (1) improving operator performance; (2) service provision by the private sector providers (PSP) or small-scale independent providers; and (3) decentralized delivery, typically relying on demand, participation and management by communities.
The first type of sector reform focuses on helping utilities reduce costs and increase revenues to become financially viable, thereby improving and extending service delivery. Despite interesting case studies (e.g. Drees et al. 2004) , there are no known impact evaluations of these types of reform.
The second type of policy, PSP (large-scale projects in which corporate entities, with private equity, assume operating risk and/or develop under a licence or contract), is increasingly in use. We are aware of one rigorous evaluation of PSP. Galiani et al. (2005) evaluate the impacts of Argentina's privatization of water services on access and health using historical mortality data for municipalities with and without privatized water services. Using DID and PSM, the authors find that privatization decreased child mortality rates by 5 -7%. A variation of this policy is partnerships between the public and private sector to provide public health services (Buse & Waxman 2001) . There are no rigorous evaluations of such partnerships.
With one-third of the population of Africa and Asia living in towns, the third type of policy-decentralized WSS-is fundamental to achieving the Millennium In particular, while the most recent systematic reviews of the epidemiologic literature suggest water treatment at the household level is more effective in preventing enteric disease than source water improvements, the effectiveness varies by the setting and some studies have methodological flaws that limit their comparability (Clasen et al. 2007 ). This review finds important differences in the methodological quality of the studies, their design, duration of follow-up, participant compliance, and prevalence of specific pathogens. Thus, policy effects can be classified as outputs, outcomes or impacts. WSS outputs are simply the types of product and levels of service under the direct control of programme providers, whether they are public sector, private sector or community organizations (Bosch et al. 2000) . WSS outputs are typically classified into five categories: (1) water supply (quantity); (2) water quality; Before describing the evaluation design, we present some background on Maharashtra and JS. 
Evaluation design
JS's flow of resources, outputs, outcomes and impacts is shown in the logic model (Figure 1) . The hypothesis to be tested in this evaluation is whether the programme outputsthe water-sanitation-hygiene packages-will bring about improvements in child health (measured by diarrhoea prevalence and anthropometrics) and overall well-being (e.g. time savings). Naturally, we expect these impacts to be realized through improvements in programme outcomes:
improved water quantity and quality, more latrines to reduce open defecation, improved hand washing and water handling. The evaluation must rule out any confounding influence of mediating and intervening factors.
This outcome is ensured through a combination of study design, sample selection, data collection and proposed analysis that are described next.
Identifying control communities: propensity score 'pre-matching'
We used a combination of restrictions, stratification and matching to reduce sampling bias in the choice of 4. The predicted probabilities from the logit models provide the propensity score for JS participation, and included a prediction for non-JS villages in our sample. For each JS village, we find a non-JS village with the closest propensity score. We reduced bias by restricting the matches to within the region of common support and using a 5% trimmed distribution of estimated propensity scores, thereby eliminating four JS villages.
5. Furthermore, to account for district fixed effects, we also found a second matched control within the district using a similar process as the one above, but with scores from Model 2. There is some overlap across the two sets of matches because the unrestricted match also identified controls within the district in some cases.
6. Each matching strategy was checked for balance in key covariates across JS and matched non-JS villages and the reduction in average bias (or difference) across all matching variables. Table 3 confirms that these criteria were satisfied for all villages retained for further evaluation, with matching reducing bias by between 7 and 750%. With one exception, matching eliminated statistically significant differences in the means between treatment and control villages. Owing to space limitations, we have not included covariate balance and overall bias reductions for the within-district matching (using model 2 propensity scores).
7. Next, we compared all matched pairs of programme and potential control villages for remaining bias in key variables (e.g. water supply and percentage of socially disadvantaged groups) and eliminated pairs with statistically significant differences. This eliminated 27 villages from the pool. The bias reduction is confirmed with baseline household survey data (see Table 4 and below). (1) the selection of control groups from a homogeneous pool; and (2) the use of stable and reliable variables. The restriction and stratification processes enable us to meet the first criterion. Because there is a very large sample of We set the type I error rate at 0.10, and the type II error rate at 0.20 to provide a test of the intervention effect with 80% power to identify statistically meaningful differences between intervention conditions. Further, we intend to employ a two-tailed test when we assess the effect of the intervention. This conservative strategy places a heavier onus on the evaluation, but allows us to observe intervention effects that are not in the desired direction.
The anticipated intervention effect size is determined rate is lower than the estimated 22%, the sample size would be too small).
Survey design
The cornerstone of the study is high quality measurement of key biological, socio-economic, cultural and environmental indicators. Quality is attained by careful design and field testing of the survey instruments, rigorous training of the field enumerators and supervisors, and checking and verification efforts in the field and at the data entry stage (Wassenich 2007) . Collectively, such efforts can consume as much as 9-12 months for a study of this scale.
These indicators were measured at the individual, household and community levels.
We designed the household and community survey questionnaires based on survey instruments we had developed previously, literature reviews of WSH studies and advice from local advisers. Preliminary versions of the questionnaires were reviewed in focus group discussions with selected individuals, key informants and households.
The questionnaires were revised and pre-tested in the field before they were finalized.
The household questionnaires were designed to collect data on outputs, outcomes and impacts. (Pattanayak et al. 2005 ) and illness costs (Poulos et al. 2008 ) associated with prevention and mitigation activities.
The community questionnaire was administered to key informants (e.g. village heads, governing council members, etc.) to collect information on infrastructure (e.g. roads, electricity, drains, dumps, water sources, credit availability and markets) and main programmes (governmental and non-governmental). Finally, water samples were collected from a subset of community sources and household storage containers and tested for microbial contamination.
All questionnaires were field-tested and the enumer- 
Confirmation of balancing act
This baseline data provides an opportunity to evaluate the central premise of our evaluation design: that PSM reduced differences between treatment and matched control villages in the baseline. A comparison of means in Table 4 reveals no statistically significant differences between treatment and control villages in a number of indicators including health outcomes, WSS conditions, personal hygiene behaviours, and perceptions of local health and environmental problems. However, because the baseline survey was conducted after early sensitization in treatment villages, these villages were somewhat different in exposure to public health messages, self-reported identification of the main problem and community participation. Thus, the double difference strategy for analysis will be critical to account for any baseline differences.
Data analysis plan
The pre-post data collection plan positions us to use a DID estimator (also called double-difference or first difference) and measure the 'treatment effect' by comparing the treatment and control units before and after the intervention (Heckman et al. 1998) . The DID estimate is the mean difference in the change in the outcome across the intervention and control groups. That is, we can difference project that builds in elements of the protocol advocated in this paper will make a small but vital contribution towards filling the large gap in our knowledge about the effectiveness of WSS investments.
